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ARRANGEMENT FOR STARTING A SINGLE
PHASE INDUCTION MOTOR

The present 1nvention relates to a motor wherein the start
up conditions are improved.

In some of the state of the art household appliances, par-
ticularly in cooling devices, a single phase motor 1s utilized.
The motor 1s driven by a circuit which actuates two windings,
a main winding and an auxiliary winding. The main winding
and the auxiliary winding are actuated together at the start and
the required torque for starting up the motor 1s provided. After
the motor start up 1s realized, the auxiliary winding 1s not
actuated and the motor continues to operate by triggering the
main winding.

Calculation of the voltage value providing the required
torque for motor start up 1s of utmost importance 1n order to
realize motor start up even in low voltage. However fluctua-
tions 1n the mains voltage also result 1 variability of the
voltage delivered to the motor circuit.

In the state of the art, various methods are utilized 1n order
to provide the optimum voltage required for the start up of the
motor. Some of these methods relate to determinming the time
period during which the auxiliary winding stays activated by
measuring the mains voltage and some relate to deactivating,
the auxiliary winding after determining the motor has started
up by measuring the voltage reached 1n the main winding.

In the state of the art International Patent Application No.
WO 2005053147 a compressor having a control unit which
checks the frequency of mains voltage at 90 degrees and
accordingly regulates and utilizes the optimum motor start up

voltage 1s explained. In this embodiment, the mains voltage 1s
run by the control unit.

In the state of the art U.S. Pat. No. 4,395,671, a motor
wherein the momentary amplitude waveform of input voltage
which 1s proportional to the main windings voltage 1s con-
trolled and when the voltage of the auxiliary winding 1s less
than the momentary amplitude, the auxiliary winding 1s deac-
tivated 1s explained.

The aim of the present ivention 1s the realization of a
motor wherein the start up 1s adjusted according to variations
in the mains voltage.

The motor realized in order to attain the aim of the present
invention, explicated in the first claim and the respective
claims thereof, starts up by the main winding and the auxil-
1ary winding being actuated simultaneously. Actuation of the
windings 1s maintained by delivering energy to the first and
second triacs connected to the windings. After maintaining
the motor start up, the energy delivered to the first triac
connected to the auxiliary winding 1s cut oif and the motor
continues operating with the energy delivered to the second
triac connected to the main winding. Energizing of the triacs
1s provided by means of a control unait.

The limit amplitude value of the voltage required for the
start up of the motor 1s recorded in the memory of the control
unit. The control unit measures the mains voltage and com-
pares the measured voltage amplitude with the limit ampli-
tude. If the amplitude of the mains voltage 1s less, the triacs
are provided to be actuated at a phase angle corresponding to
the high amplitude value of the mains voltage 1n order to
attain the limit amplitude. If the amplitude of the mains volt-
age 1s high, the limit amplitude can also be provided at phase
angles corresponding to the low amplitude values of the
mains voltage. Therefore, the control unit provides to drive
the triacs at the most optimum phase angle with respect to the
measured mains voltage values. Accordingly, the triacs canbe
actuated at the desired angle with respect to the mains voltage.
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In an embodiment of the present invention, the limit ampli-
tude 1s recorded as 200V 1n the memory of the control unait.
When the amplitude of the mains voltage 1s approximately
below the limit amplitude, then the triacs are actuated for a
longer than normal time period. Consequently, the start up of
the motor 1s guaranteed.

In an embodiment of the present invention wherein the
limit amplitude 1s 200V, while the mains voltage 1s between
200V-220V, the triacs are actuated when the mains voltage
phase angle 1s around 60°.

In another embodiment of the present invention wherein
the limit amplitude 1s 200V, while the mains voltage 1s more
than 220V, the triacs are actuated when the mains voltage
phase angle 1s around 10°. Since the mains voltage 1s consid-
erably higher than limit amplitude, the triacs are actuated 1n a
shorter than normal time period. Accordingly, an optimum
amount of energy 1s consumed for the motor start up.

In an embodiment of the present invention, a sensor which
measures the mains voltage and delivers the acquired infor-
mation to the control unit 1s disposed.

In an embodiment of the present invention, the motor o the
present invention 1s utilized as the compressor of the refrig-
erator.

In an embodiment of the present invention, the motor of the
present invention 1s utilized as the compressor of the air
conditioner.

By means of the present invention, the motor start up 1s
realized at the optimum phase angles in different values of the
mains voltage and too much energy consumption at high
voltage values 1s prevented.

A motor realized 1n order to attain the aim of the present
invention 1s 1llustrated 1n the attached claims, where:

FIG. 1—is the schematic view of a motor and a control unit
of the present invention.

FIG. 2—is the graph showing mains voltage/motor start up
time 1n an embodiment of the present invention.

FIG. 3—as the graph showing mains voltage/motor start up
time 1n another embodiment of the present invention.

The elements illustrated in the figures are numbered as
follows:

1. Motor

2. First triac

3. Second trnac

4. Control unit

d. Sensor

The symbol list below 1s given 1n order to explicate the
present 1nvention.

Vac—Mains voltage

ilac : Amplitude of mains voltage

A .. 'The minimum limit amplitude for actuating the triacs
(2 and 3)

0: The phase angle of the mains voltage

The motor (1) of the present invention 1s fed by the mains
voltage (Vac) and comprises a main winding (MW), an aux-
iliary winding (AW), a first triac (2) connected 1n series to the
auxiliary winding (AW) which provides to start up the motor
(1) by being actuated at the moment of start up in order to
operate the motor (1), a second triac (3) connected 1n series to
the main winding (MW) which provides the motor (1) to
continue operating and a control unit (4) which controls the
start up and operation of the motor (1) by actuating the triacs
(2 and 3) when required. (FIG. 1).

The motor (1) furthermore comprises a control umt (4)

which
detects the sinusoidal voltage (Vac) of the mains voltage

(Vac),
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has the minimum limit amplitude (A, ..) whereat the triacs
(2 and 3) can be actuated recorded 1n 1ts memory,

has the phase angles (0) determined for different ampli-
tudes (Aac) whereat the triacs (2 and 3) can be actuated
recorded 1n its memory,
actuates the triacs (2 and 3) when the voltage (Vac) 1s at the
highest phase angle (0) 1f the voltage (Vac) amplitude
(Aac) 1s lower than the limit amplitude (&, ..).

actuates the triacs (2 and 3) at a different phase angle (0) of
the voltage (Vac) 11 the voltage (Vac) amplitude (Aac) 1s
higher than the limit amplitude (A, ) (FIG. 2).

The control unit (4) detects the sinusoidal signal of the
mains voltage (Vac) and determines the times ('Tk) when the
limit amplitude (&, .) 1s maintained whereat the motor (1)
can start up by observing the phase angle(0) of the voltage
(Vac). Measuring the mains voltage (Vac) value from the limait
amplitude (&, ..) 1s maintained by determining the minimum
amplitude (A, ..) of the measured voltage (Vac) required for
the start up of the motor (1). The control unit (4) determines
the angle (0a) of the voltage (Vac) corresponding to the
detected amplitude (Aac) and actuates the triacs (2 and 3)
when the voltage (Vac) comes to that angle (0a). Since the
main winding (MW) and the auxiliary winding (AW) of the
motor (1) are actuated when the limit amplitude (A, .) 1s
maintained, the motor (1) start up 1s provided with the least
amount of energy possible. Waste of time and energy 1s pre-
vented by unnecessarily waiting to maintain high amplitude
(hac).

For example, 1n the case the mains voltage (Vac) 1s 180V,
the limit amplitude (&, .) 1s maintained when the phase
angle (0). 1s odd multiples o1 90° (270°,450° . . .). In the case
the mains voltage (Vac) 1s 190V, the limit amplitude (&, .,) 18
maintained when the phase angle (0) 1s multiples of 80°
(110°,260°. ..). In the case the mains voltage (Vac)1s 230V,
the limit amplitude (&, .) 1s maintained when the phase
angle (0a) 1s multiples of 20° (160°, 200°. . . ). In this case,
when the mains voltage (Vac) 1s for example 230V, the motor
(1) 1s started up by actuating the triacs (2 and 3) when the
phase angle (0) reaches 20°. Consequently, unnecessary
energy consumption 1s prevented by not starting up at a
greater angle and the triacs (2 and 3) are protected from

damages by being subject to high voltage (Vac). By means of

recording the data thus obtained in its memory, the control
unit (4) 1s enabled to determine at which angle (0a) the limit
amplitude (A, ..)1s acquired which 1s calculated according to
the mains voltage (Vac) (FIG. 3).

In an embodiment of the present invention, the limit ampli-
tude (A, .) recorded in the control unit (4) 1s 200V, If the

it

voltage (Vac) measured by the control umt (4) 1s less than
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200V, the triacs (2 and 3) are actuated for a longer period of 50

time (1). In order to attain the limit amplitude (&, ..) (200V)
necessary for start up of the motor (1) at low mains voltage
(Vac), the triacs (2 and 3) are actuated at the highest absolute
angle (90°, 270° . . . etc.) of the voltage (Vac). The actuation
time (T) 1s provided to last longer that the actuation time (1)
under normal conditions in order to guarantee acquiring the
necessary energy at the same time. At the end of the actuation
time (1), actuation of the auxiliary winding (AW) 1s ended
and the motor (1) continues operating with the main winding
(MW).

In a similar embodiment of the present invention, while the
measured mains voltage (Vac) 1s between 200V-220V, the
control unit (4) actuates the triacs (2 and 3) when the phase
angle (0a) 1s approximately 60° or 1ts odd multiples (150°,
240°).

In an embodiment of the present invention, 1f the measured
mains voltage (Vac) 1s higher than 220V, the control unit (4)
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actuates the triacs (2 and 3) for a short time when the phase
angle (0a) 1s approximately 90° or 1ts odd multiples (approxi-
mately 180°,360° . ..) A low amplitude (Aac) 1s sulficient in
order to attain the optimum voltage (V) necessary for the start
up of the motor (1) in high mains voltage (Vac). For this
reason, the triacs (2 and 3) are actuated at an absolute low
phase angle (0=10°, 170° . . . etc.) of the voltage (Vac). The
triacs (2 and 3) are started to be actuated without waiting for
the angle where high amplitude (hac) will be attained. Since
the necessary energy will be acquired in a short perlod of
time, the triac (2) of the auxiliary winding (AW) 1s short
circuited after a time period shorter than the actuation time
(T) utilized under normal conditions. Consequently, con-
sumption of less energy 1s maintained at high mains voltage
(Vac).

In an embodiment of the present invention, the motor (1)
comprises a sensor (5) which detects the mains voltage (Vac)
and delivers the result of the detection to the control unit (4)
The sensor (5) 1s positioned between the mains and the con-
trol unit (4) (FIG. 2).

In an embodiment of the present invention, the control unit
(4) 1s utilized 1n a compressor having a motor (1) which
provides circulation of the refrigerant in the cooling system of
the refrigerator.

In another embodiment of the present invention, the control
unit (4) 1s utilized 1n a compressor having a motor (1) which
provides circulation of the refrigerant in the cooling system of
the air conditioner.

In the embodiment of the present invention, the mains
voltage (Vac) 1s measured and the phase angle (0a) of the
mains voltage (Vac) which enables attaining the limit ampli-
tude (A, ..) necessary for the motor (1) start up 1s determined.
The triacs (2 and 3) of the main winding (MW) and the
auxiliary winding (AW) of the motor (1) are actuated when
the voltage (Vac) comes to the determined phase angle (0a)
thus the motor (1) 1s started up by consuming the minimum
amount of energy as possible.

It 1s to be understood that the present mvention 1s not
limited to the embodiments disclosed above and a person
skilled 1n the art can easily introduce different embodiments.
These should be considered within the scope of the protection
postulated by the claims of the present invention.

The mvention claimed 1s:
1. A motor (1) fed by the mains voltage (Vac) comprising a
main winding (MW ), an auxiliary winding (AW), a first triac
(2) connected 1n series to the auxiliary winding (AW) which
1s actuated at start up, a second triac (3) connected 1n series to
the main windings (MW) to provide continued operation and
a control unit (4) which detects the voltage (Vac) as sinusoidal
signal and actuates the first triac (2) and the second triac (3) to
control the start-up and operation, and wherein the control
unit (4) includes a memory containing
a minimum limit amplitude (A, ) used for actuating the
first triac (2) and the second triac (3), and phase angles
(0) determined for different amplitude values used for
actuating the first triac (2) and the second triac (3), and

wherein the control unit (4) actuates the first triac (2) and
the second triac (3) when a voltage (Vac) 1s at a maxi-
mum phase angle (0, ) 1f the voltage (Vac) amplitude
(A, ) 1s lower than minimum the limit amplitude (A, ),
or actuates the first triac (2) and the second triac (3) at a
different phase angle (0) than the maximum phase angle
(A, )olthevoltage (Vac) if the voltage (Vac) amplitude
(A ) 1s higher than minimum the limit amplitude (&, ..}
and wherein the minimum limit amplitude (A, ..) 1s
200V,
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2. The motor as 1n claim 1 wherein the control unit (4)
which actuates the first triac (2) and the second triac (3) when
the phase angle (0 ) 1s approximately 60° and its odd mul-
tiples while the measured voltage (Vac) 1s between 200V-
220V,

3. The motor as 1in claim 1 wherein the control umt (4)
which actuates the first triac (2) and the second triac (3) when
the phase angle (0 ) 1s approximately 180° and its odd mul-
tiples while the measured voltage (Vac) 1s higher than 220V,

4. The motor as 1n claims 1 further comprising a sensor (3)
which detects the mains voltage (Vac) and delivers the result
ol the detection to the control unit (4).

5. The motor (1) of claim 1 further comprising a compres-
sor for a refrigerator.

6. The motor (1) of claim 1 further comprising a compres-
sor for an air conditioner.

7. A motor (1) fed by the mains voltage (Vac) comprising a
main winding (MW ), an auxiliary winding (AW), a first triac
(2) connected 1n series to the auxiliary winding (AW) which
1s actuated at start up, a second triac (3) connected in series to
the main windings (MW) to provide continued operation and
a control unit (4) which detects the voltage (Vac) as sinusoidal
signal and actuates the first triac (2) and the second triac (3) to
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control the start-up and operation, and wherein the control
unit (4) includes a memory containing
a minimum limit amplitude (A, ..) used for actuating the
first triac (2) and the second triac (3), and phase angles
(0) determined for different amplitude values used for
actuating the first triac (2) and the second triac (3), and
wherein the control unit (4) actuates the first triac (2) and
the second triac (3) when a voltage (Vac) 1s at a maxi-
mum phase angle (0, ) 11 the voltage (Vac) amplitude
(A ) 1s lower than the minimum limit amplitude (A, ..,
or actuates the first triac (2) and the second triac (3) at a
different phase angle (0) than the maximum phase angle
(0_ ) ofthe voltage (Vac) il the voltage (Vac) amplitude
(A__) 1s higher than the minimum limit amplitude (A, . )
and wherein the control unit (4) which actuates the first
triac (2) and the second trniac (3) 1s selected from the
group consisting of the phase angle (0 ) of: approxi-
mately 60°, and i1ts odd multiples, when the measured
voltage (Vac) 1s between 200V-220V or approximately

180° , and 1ts odd multiples, when the measured voltage
(Vac) 1s higher than 220V,

G ex x = e
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